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[57] ABSTRACT

The present invention provides a metal oxide magnetic
substance represented by the general formula I:

MeO-n[AlxM yFer _ x—(m/3)703]

(wherein, Me is at least one member of Ba, Sr and Pb, M
is at least one member of Zn, Sc, In, Cr, Ir, Ru, Rh, Ti,
Ta, Sn and Ge, 5=n=6, 0<X=0.8, 0<Y=0.6, and m
is the ionic valency of M), a magnetic film consisting
thereof, and a magneto optical recording medium and a
perpendicular magnetic recording medium having the

magnetic film.

21 Claims, 61 Drawing Figures
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METAL OXIDE MAGNETIC SUBSTANCE AND A
MAGNETIC FILM CONSISTING THEREOF AND
THEIR USES

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a novel metal oxide
magnetic substance, a magnetic film consisting thereof,
and their uses as magneto optical recording medium and
perpendicular magnetic recording medium.

2. Prior Art
In recent years, magneto optical recording mediums

designed to carry out magnetic recording by the use of

semi-conductor laser beam have been studied and de-
veloped so as to be used for high density recording
purposes. Usually, the magnetic substances used in mag-
neto optical recording mediums were mostly occupied
by those consisting of amorphous alloys made of rare

10

15

earth metals and transition metals. The preparation of 20

magneto optical recording mediums using such amor-
phous alloy magnetic substances was carried out gener-
ally in the manner of adhering said magnetic substance,
for instance Tb-Fe alloy, on a substrate such as glass
plate by vaccum vapordeposition, sputtering or the like
in the degree of about 0.1-1 um in thickness to form a
magnetic film. The thus obtained magneto optical re-
cording medium is recorded and regenerated as men-
tioned below. That is, recording is carried out in the
manner of radiating the laser beam modulated with a
divalent signal, making use of the rapid variation char-

acteristic of a coercive force corresponding to the tem-
perature variation in the neighborhood of the Curie

temperature or compensation temperature of the mag-
netic film, on the magnetic film and heating same, thus
inverting the direction of magnetization. Regeneration
is carried out by reading out making use of the differ-
ence in magneto optical effects of the thus inversion-
recorded magnetic film. The photomagnetic recording
material using aforesaid amorphous alloy magnetic sub-
stance is advantageous in that it can be recorded at high
speed (frequency=1 MHz) by means of a semiconduc-
tor laser beam because it is of a high recording sensitiv-
. ity, but is heavily disadvantageous in that the magneto
optical characteristic of the magnetic film deteriorates
with a lapse of time because the amorphous alloy mag-
‘netic substance, in particular the rare earth metal com-
ponent, is subject to oxidizing corrosion. In order to
prevent this, it is known to provide a protective layer
consisting of an oxide such as SiO, SiO; or a nitride such
as TiN, Si3N4 on an amorphous magnetic film by means
of vacuum vapordeposition, sputtering or the like as in
the preparation of the magnetic film, but this is inadvan-
tageous in that at the time of preparing the magnetic
film or the protective layer, the magnetic film is oxi-
dized and corroded by O; remaining in the vacuum, O»,
H,O or the like adsorbed to the surface of the substrate,
and O,, H,O or the like contained in the target consist-
ing of the alloy magnetic substance with a lapse of time
and pinholes are occurred, and further the oxidizing
corrosion is enhanced by the light and heat at the time
of recording. Further, the amorphous magnetic sub-
stance is disadvantageous in that it is liable to be crystal-
ized by heat and therefore its magnetic characteristic 1s
liable to be deteriorated. Still further, the reflection type
Faraday system which comprises thickening the mag-
netic film as much as possible, providing a reflective
film of Cu, Al, Pt, Au or the like thereon, radiating the
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laser beam on the magnetic film and permeating it there-
through, thereafter reflecting said beam from the mag-
netic film at the reflective film, and detecting this re-
flected beam has been proposed as the regeneration
system for enhancing the regeneration output. The Far-
aday system is surely profitable in that a high S/N signal
can be obtained, but the conventional amorphous mag-
netic film could not be used in this system because said
magnetic film is inferior in transmittancy.

SUMMARY OF THE INVENTION

A primary object of the present invention is to pro-
vide a novel metal oxide magnetic substance which has
high recording sensitivity, is superior in oxidizing cor-
rosion resistance and is especially suitable as a material
for preparing a magneto optical recording medium; a
magnetic film consisting of this metal oxide magnetic
substance; and a magneto optical recording medium
having said magnetic film on a substrate.

A secondary object of the present invention 1s to
provide a perpendicular magnetic recording medium
which comprises providing a magnetic film consisting
of said magnetic metal oxide magnetic substance on a

substrate.
The metal oxide magnetic substance according to the

present invention is the one represented by the general

formula I:

MeO.n{AlyM yFes _ x —(m/3)y03] (D
(wherein, Me is at least one member of Ba, Sr and Pb, M
is at least one member of Zn, Sc, In, Cr, Ir, Ru, Rh, Ti,
Ta, Sn and Ge, 5=n=6, 0<X=0.8, 0<Y=0.6, and m
is an ionic valency of M), the magnetic film according
to the present invention comprises the metal oxide mag-
netic substances represented by said general formula I,
and the magneto optical recording medium and the
perpendicular magnetic recording medium according to
the present invention are each the one having said mag-
netic film on a substrate.

In this connection, it is to be noted these metal oxide
magnetic substances represented by the general formu-
las I may be added with metals such as Ni, Cu, Sb, Bj,
Co, Mo, Nb, Pd, Mn, Yb, V, Te, Zr, Tc, Pt, Os, Re, W
and the like in order to improve magneto optical effect
or to regulate coercive force or ionic valency (regard-
ing to the regulation of ionic valency, when a divalent
metal or a tetravalent metal is used as M, a tetravalent
metal or a divalent metal is preferably added respec-

tively).
DESCRIPTION OF THE INVENTION

The magnetic substance or magnetic film used in the
magneto optical recording medium is required to have
the magneto optical characteristics (proper Curie tem-
perature, coercive force and the like) which permit the
recording and regeneration using a semiconductor laser
beam, and must have a low Curie temperature Tc in
order to obtain a high recording sensitivity and a prop-
erly high coercive Hc in order to maintain a recorded
memory stably. Generally speaking, the proper range of
Tc is considered to be 100°-400° C., and the proper
range of Hc is considered to be 200-6000 oersted. The
reason is that when Tc is less than 100° C., the recorded
memory becomes unstable due to the laser beam at the
time of regeneration which leads to the reason for dete-
riorating the regeneration characteristic and when Tc 1s
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more than 400° C., the recording using the laser beam
becomes difficult, whilst when Hc 1s less than 200 ocer-
sted, it is possible that the memory becomes unstable
and dissipates and when Hc is more than 6000 oersted,
the laser output and the outside magnetic field required
for magnetic inversion at the time of recordmg become
undesirably large.

On the other hand, hexagonal and spinel metal oxide
magnetic substances have hitherto been studied as the
magnetic bubble materials. As the hexagonal metal
oxide magnetic substance there 1s known the M type
ferrite represented by for instance the general formuia

11:

MeO.n[Fe>03] (1I)
(wherein, Me and n are the same as defined in the gen-
eral formula I). We paid attention to the fact that since
the magnetic substance of this sort is itself oxide, there
is no peril of being deteriorated by oxidation and that
even when the film thickness is increased to 10u, said
substance still holds permeability. However, said mag-
netic substance is disadvantageous in that since the
Curie temperature Tc is high (450° C. or more), 1t makes
the recording using the semiconductor laser beam as
described previously still more difficult, and so it itself
can not be applied as the material for magneto optical
recording medium. In view of this, we have carried out
various investigations to find that when part of the Fe
atoms in the general formula II 1s substituted by Al or
said M metal, Tc is lowered 1n each case of substitution
by Al or said M metal. At the same time, we found that
in the case of Al substitution the coercive force Hc
increases and in the case of M metal substitution Hc
decreases. For instance, in the general formula II, the
cases of

(1) Al or Imn-substituted compound where Me=Ba:-
BaFe12 /327019 (M’ stands for Al or In, Z stands
for the substitution number of Al or In and | stands
for tonic valency of Al or In.),

(2) Al or Ti-substituted compound where Me=Ba:-
BaFe1) . (1/3)2M7'O19 (M’ stands for Al or Ti, Z stands
for the substitution number of Al or Ti and 1 stands
for ionic valency of Al or TL.),

(3) Al or Sc-substituted compound where Me=Ba:-
BaFe12—(/3)zMZz' 019 (M’ stands for Al or Sc, Z
stands for the substitution number of Al or Sc and |
stands for ionic valency of Al or Sc.),

(4) Al or Zn-substituted compound where Me=Ba:-
BaFejs_(1/3zZ4 720190 (M' stands for Al or Zn, Z
stands for the substitution number of Al or Zn and 1
stands for ionic valency of Al or Zn.),

(5) Al or Sn-substituted compound where Me=Ba:-
BaFei2—(/3zM7' 019 (M’ stands for Al or Sn, Z
stands for the substitution number of Al or Sn and 1]
stands for ionic valency of Al or Sn.),

(6) Al, Sc, Ti, Sn or Zn-substituted compound where
Me=Ba and Sr:Bag75Srg2sFe12—/3)z2z'019 (M’
stands for Al, Sc, Ti, Sn or Zn, Z stands for the substi-
tution number of Al, Sc, T1, Sn or Zn and 1 stands for
ionic valency of Al, Sc, Ti, Sn or Zn.), and

(7) Al, In, Sc, Ti, Sn or Zn-substituted compound where
Me=Pb:PbFe12—(/3)zM7z'C19 (M’ stands for Al, In,
Sc, Ti, Sn or Zn, Z stands for the substitution number
of Al, In, Sc, T1, Sn or Zn and ] stands for ionic va-
lency of Al, In, Sc, Ti, Sn or Zn.),

denoted the tendency as shown in FIG. 1, FIG. 2, FIG.

3, FIG. 4, FIG. 5, FIG. 6-1-4 and FIG. 7-1-5 with refer-

ence to Tc, and denoted the tendency as shown in FIG.
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8, FIG. 9, FIG. 10, FIG. 11, FIG. 12, FIG. 13-1-4 and
FIG. 14-1-5 with reference to Hc respectively. There-
fore, while paying attention to the substitution effects of
Al and M’ metal and further taking account of the afore-
said proper ranges of Tc and Hc, we have substituted
part of Fe in the metal oxide represented by the general
formula II by using two kinds of metals con51st1ng of Al
and at least one member of said M 1n various percent-
ages to find the fact that the metal oxide magnetic sub-
stances represented by the general formula I achieve
superior characteristics as the magneto optical record-
ing mediums. Based on this finding, the present inven-
tion was accomplished.

As is evident from the aforegoing, the present inven-
tion has made the metal oxide of the general formula II
applicable as the material for magneto optical recording
medium by substituting part of Fe atoms in the metal
oxide of the general formula II, which was not regarded
as the material for use in magneto optical recording
medium due to its high Curie temperature, by Al and M
metal so that the Curie temperature may be lowered
while maintaining coercive force at a suitably high
degree required for the memory and thus the metal
oxide of the general formula II may be recorded and
regenerated by the semi-conductor laser beam.

In other words, the metal oxide magnetic substance
according to the present invention satisfies the proper
Curie temperature range and the proper coercive force
range required for the magneto optical recording me-
dium material.

For instance, in the case of
(8) BaAlyInyFej2_ x —(1/3)yO19 (wherein, X' stands for

the substitution number of Al and Y’ stands for the

substitution number of In)
corresponding to the preceding formula (1), Tc is 180°
C. when the substitution number X' of Al is 2.05 and the
substitution number Y’ of In 1s 2.0 as shown 1n F1G. 19,
and Hc is about 2.9K oersted when the substitution
number X' of Al is 2.05 and the substitution number Y
of In is 2.0 as shown in FIG. 16. In the case of
(9) BaAlyTiyFeiz—x ~-u/3)rOi1o (wherein, X' stands
for the substitution number of Al and Y’ stands for the
substitution number of T1)
corresponding to the preceding formula (2), Tc is 260°
C. when the substitution number X' of Al 1s 2.05 and the
substitution number Y’ of Ti is 2.00 as shown 1n FIG. 17,
and Hc is about 3.6K oersted when the substitution
number X' of Al is 2.05 and the substitution number Y’
of Ti 1s 2.00 as shown in FIG. 18. In the case of
(10) BaAly'ScyFe1z—x —/3)7y0O19 (wherein, X' stands
for the substitution number of Al and Y' stands for the
substitution number of Sc)
corresponding to the preceding formula (3), Tc is 250°
C. when the substitution number X' of Alis 2.05 and the
substitution number Y’ of Sc is 2.00 as shown in FIG. 19
and Hc is about 3.6K oersted when the substitution
number X' of Al is 2.05 and the substitution number Y’
of Sc is 2.00 as shown in FIG. 20. In the case of
(11) BaAlyZnyFen—y —/3)yOi9 (wherein, X' stands
for the substitution number of Al and Y’ stands for the
substitution number of Zn)
corresponding to the preceding formula (4), Tc is 218°
C. when the substitution number X' of Al is 2.05 and the
substitution number Y’ of Zn i1s 2.5 as shown in FIG. 21
and Hc is about 3.9K oersted when the substitution
number X' of Al is 2.05 and the substitution number Y’
of Zn is 2.5 as shown in FIG. 22. In the case of
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(12) BaAlySnyFej2— x —/3)yOi19 (wheremn, X' stands
for the substitution number of Al and Y’ stands for the
substitution number of Sn)

corresponding to the preceding formula (5), Tc is 200°

C. when the substitution number X’ of Al 1s 3.1 and the

substitution number Y’ of Sn is 1.7 as shown in FIG. 23,

and Hc is about 1.8K oersted when the substitution

number X’ of Alis 3.1 and the substitution number Y’ of

Sn is 1.7 as shown in FIG. 24. In the case of

(13) Bag75Sr0.25AlxM'yFe12—x —/3)yO19 (wheren,
M’ stands for In, Sc, Ti or Sn, X' stands for the substi-
tution number of Al, Y’ stands for the substitution
number of In, Sc, Ti or Sn and 1 is as defined previ-
ously)

corresponding to the preceding formula (6), Tc 1s 180°

C. when the substitution number X' of Al1is 2.05 and the

substitution number Y’ of In is 2.0 as shown in FI1G.

25-1, and the same tendency can be observed when

M’ =Sc, Ti and Sn (which see FIG. 25-2, FIG. 25-3 and

FIG. 25-4 respectively). Referring to Hc where M'=In,

'+ is 2.9K oersted when the substitution number X' of Al

is 2.05 and the substitution number Y’ of In 1s 2.0 as

shown in FIG. 26-1, and the same tendency can be
observed when M’'=Sc, Ti and Sn (which see FIG.

26-2, FIG. 26-3 and FIG. 26-4 respectively). In the case

of

(14) PbAlyM'yFe1z—x —/3)yOis (wherein, M’ stands
for In, Sc, Ti, Sn or Zn, X' stands for the substitution
number of Al, and Y’ stands for the substitution num-
ber of In, Sc, Ti, Sn or Zn)

corresponding to the preceding formula (7), where

M’'=1In, Tc is 180° C. when the substitution number X'

of Al is 2.05 and the substitution number Y’ of In 1s 2.0

as shown in FIG. 27-1, and the same tendency can be

observed when M'=Sc, Ti, Sn or Zn (which see FIG.

21-2, FIG. 27-3, FIG. 27-4 and FIG. 27-5 respectively).

Referring to Hc where M’=In, it is 2.9K oersted when

the substitution number X' of Al is 2.05 and the substitu-

tion number Y’ is 2.0 as shown in FIG. 28-1, and the
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same tendency can be observed when M'=3Sc, T1, Sn or 40

Zn (which see FIG. 28-2, FIG. 28-3, FIG. 28-4 and

FIG. 28-5 respectively).
The metal oxide magnetic substance according to the
present invention can be prepared through the steps of

mixing and pulverizing at least one member of BaCO3, 45

SrCO3 and PbCO3 with FexO3, Al;O3 and at least one
member of said M metal oxide and, if necessary, at least
one member of said additional metals, each being in a
predetermined quantity; calcinating same at a tempera-
ture of 1000°-1100° C.; thereafter pulverizing same
again; placing the thus pulverized one in a proper-
shaped mold for press-molding; and thereafter calcinat-
ing it at a temperature of 1200°-1400° C.

Concrete examples of the metal oxide magnetic sub-
stances obtained as mentioned above will be given as
follows.

Metal oxide magnetic substance according to the
formula I:
BaQ.5[Alg 2Ing 3Fe1 503]
Ba0.6]Alg 2Ing 3Fe; 503]
Ba0.6[Alp.25Ing 32Fe; 2303]
Ba0.5.6[Alp.1Ing 3Fe1.603]
Sr0.5[Alg2Ing 3Fe;.503]
Sr0O.6[Alp2Ing 3Fe; 503]
SrO.6[Alp 25Ing 3Fe1.4503]
Sr0.5.6fAlg.1Ing 3Fe1.603]
Ba0.6[Alg 3Tip.21Fe;.4203]
Ba0.6[Alp 2Tip.06Zng.12Fe1.6403]

>0

55

60

65

6

SrO.6[Alg.2Tio.12Zno 24Fe1.4803]
Sr0.5.9[Alg 3Tig.12Fe1.5403]
BaQ.5.2[Alp.2Sco.2Fey.603]
Ba0.5.4{Alp.1Sco.2Fe.703]
BaQ.5.4[Alg.2Sco.1Fe;.703]
BaQ.5.4[Alp2Sco.2Fe1.603]
BaQ.5.6[Alg.3Sco.2Fe1.503]
Ba0.5.6[Alp.2Sco.3Fet.503]
BaO.5.6[Alp.4Sco.2Fe1.303]
BaO.5.8[Alg 4Sco.1Fei.503]
Sr0.5.5{Alg.3Sco.2Fe1.503]
Sr0.5.5[Alp.3Sco.1Fe1.603]
Ba0.5.2[Alg.2Zng.3Fe; 603}
Ba0.5.4[Alp.1Zno.12Iro.06Fe1.7403]
BaQ.5.4{Alg.3Zng.3Fe; s03]
Ba0.5.6[Alp.2Zng.12Tap.06Fe1.6403]
Ba0.5.6[Alp.3Zng.12Rho.06Fe1.5403]
Sr0.5.2[Alg 2Zng 45Fe;.503]
Sr0.5.6[Alp.3Zng.24Tio.12Fe1.3803]
Ba0.6[Alg.3Sng.12Fe).5403]
Ba0.5.8[Alp2Sng.21Fe; 5203]
Sr0.5.6[Alg.3Rhg 24Fe 4603]
Pb0.5.6[Alp.2Sng 24F e .4803]
Ba0.5.6[Alg.2Cro.12Fe1.6803]
BaO.5.7[Alg,3Rh0,]F61.603]
BaQ.5.2[Alp2Crg2Fe1.603]
Ba0.5.5[Alg 12Rhg 2Fey.6803]
Sr0.5.7{Alp.3Rho.1Fe}.603]
Sr0.5.7[Alg.2Cro.2Fe.603]
PbO.5.5[Alg2Rhg 1Fe1.703]
PbO.5.7[Alg2Rug2Fe;.6403]
Bag.75510.250.6[Alp.35In0.15F€1.503]
Bag 75S10.250.6[Alo.35Tio.15F€1.4503]
Bag,.75510.250.6[Alo.358¢c0.15Fe1.503)
Bag 75810.250.6[Alg 2Zng 245n0.12Fe1.4503]
Bag.75510.250-6[Alg.3Zno.12Tio.06Fe1.5403]
PbO.6[Alg 2Ing 1Fe.703]
Pb0.6[Alg 3Tio.15Fe1.503]
PbO.6[Alg.3Sco.1Fe1.603]
PbO.6[Alg.3Zno.21Fe1.5603]
PbO.6[Alg.3Znp.12Sn0 06Fe1.5403]
PbO.5.5[Alg.3Inp.2Fe1.503]
Pb0.5.5[Alp.2Tip.18Fe1.5603}
Pb0.5.8[Alg.3Sco.1Fe1.603]
PbO.5.8[Alp.2Zng 21Fe1.6603]
Ba0.6{Alg.2Irg.1Fe;.703]
Ba0.6[Alp.2Tap.12Fe1.6403]
Ba0.6[Alg.2Gep.12Fe1.6403]

Metal oxide magnetic substance according to the
formula 1, containing said additional metals:
BaC.5.6[Alp.2Tig.06Co0.12Fe1.6403]
Ba0.5.5[Alp 2 Tip.12C00.24Fe1.4803]
Sr0.5.5[Alp.3Tio.06Cuo.12Fe1.5403]
Sr0.5.7[Alp.2Tio.06Nio.12Fe1.6403]
Ba0.5.6[Alp.4Zng.120s0.06Fe1.4403]
BaO.5.8[Alp.2Zno.12Pto 06F€1.5403]
Sr0.5.8[Alp.2Zno.2aWo.06Fe1.6403]
BaO.6[Alp.355n0,06Nio.012F€1.4903]
Ba0.5.6[Alg.2Zng.24Mng.12Fe1.4803]
Sr0.5.7[Alo.2Tio.06Co0.12Fe1.6403]
Sr0.5.6[Alp.2Zng 12Mno.06Fe1.6403]
PbO.6[Alg.2Iro.06Cuo.12Fe1.6403]
Pb0.5.6{Alp.2Geg o6Nip.12Fe1.6403]
PbO.5.8[Alg.2Zng.12Vo.06Fe1.6403]

When intending to prepare the magnetic film using
our metal oxide magnetic substance, although depend-
ing on the kind of the substrate, it is generally be pre-
pared by adhering this magnetic substance onto the
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substrate so that the film thickness may be in the range
of about 0.1-10 pum, with a substrate temperature of
400°-800° C. as a target and by means of vacuum vapor-
deposition, sputtering, ion-plating or the like. Thus,
there can be obtained a magneto optical recording me-
dium having a vertical magnetic anisotropy-magnetic
film 2 or a substrate 1. In this instance, the magnetic film

may be formed at a substrate temperature of not more
than 400° C. as occasion demands. In this instance, how-

ever, there 1s the necessity of heat-treating the thus
formed magnetic film at a temperature of 400°-800° C.,
while impressing the magnetic field as the case may be,
for vertical magnetization. The substrate materials used
herein generally include heat-resisting metals such as
aluminum and the like; qartz glass; gallium-garnet-

gadolinium; saphire; lithium tantalate; crystallized

transparent glass; Pyrex glass; Vycor glass; aluminosili-
cate glass; surface oxidation-treated or untreated singie
crystal silicon; transparent ceramic materials such as
AlOj3, AlO3.MgO, MgO.LiF, Y0s:.LiF, BeO, ZrOx.
.Y203, ThO7.CaO and the like; inorganic materials such
as inorganic silicon materials (Goods on the market, for
mstance such as “Tosguard” produced by Toshiba Sili-
cone Co. and “Sumiceram P” produced by Sumitomo
Kagaku Co.) and the like; opaque ceramic materials
such as AlOj3, ZrO;, AIN: metals such as Al, steel,
stainless steel; and heat-resisting organic resin materials
such as polyamide resin, polyimide resin, polyether
sulfone and the like.

The magnetic film according to the present invention
1s applicable to not only the monolayer type magneto
optical recording medium as shown in FIG. 29 but also
all well known multilayer type magneto optical record-
ing mediums. As these multilayer type ones, there can
be enumerated those constructed as shown in FIGS.
30-33. In the drawing, reference numeral 1’ denotes a
substrate equipped with a guide track, 3 denotes a re-
flective film, 4 denotes a transparent dielectric layer, 5
~denotes a guide track layer, 6 denotes a protective film,
7 denotes a transparent adhesive layer and 8 denotes a

_heat-resisting layer. The substrate equipped with a

guide track 1’ may be prepared by processing the above
mentioned organic material by virtue of injection mold-
ing, extrusion molding, photoetching process or the
like. The guide track of the substrate acts to guide the
laser beam at the time of recording and regeneration.
The reflective film 3 can be formed by adhering Cu, Al,
Ag, Au, Cr, Rh, Ni, Pt, TeOx, TeC, SeAs, TeAs, TiN,
TaN, CrN, cyanine dye, phthalocyanine dye, methine
-~ dye or the like on a target surface by means of vacuum
vapordeposition, sputtering, ion-plating or the like so
that the film thickness may be about 500-10,000 A. This
reflective film is provided for the purpose of increasing
Faraday effect caused by reflecting the laser beam hav-
ing permeated through the magnetic film and permeat-
ing said laser beam through the magnetic film again.
The transparent dielectric layer 4 is formed by adhering
S10;, S10, TiO,, TiO, CeQ, HfO,, BeO, ThO;, SiN,
S13N4, TiN or the like on a target surface by means of
the above mentioned process so that the film thickness
may be about 0.05-0.5 um. This transparent dielectric
layer is provided for the purpose of increasing Fara-
day’s angle of rotation and enhancing regenerative out-
put. The guide track layer 5 is formed by applying a
ultraviolet ray-curing resin onto a target surface, there-
after radiating the ultraviolet ray thereto while press-
attaching a guide grooved mold, and curing said resin.
The protective layer 6 is formed by adhering acrylic
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resin, polyurethane resin, polycarbonate resin, poly-
ether sulfone resin, polyamide resin, epoxy resin, TiN,
SiN, Si3Ny4, TaN, CrN, AIN, SiO3, SiO, TiO; or the like
on a target surface so that the resulting film thickness
may be about 0.1-100 um, by means of a coating pro-
cess in the case of the resin and by means of vacuum
vapordeposition, sputtering, ion-plating or the like n
the other case. This protective layer is provided for the
purpose of protecting the surface layer, i.e. the reflec-
tive film 3 in this case. The transparent adhesive layer 7
is formed by adhering the reflective film of the substrate
1" with a guide track provided with the reflective film 3
and the magnetic film of the heat-resisting layer 8 pro-
vided with the magnetic fiim 2 (said heat-resiting layer
8 comprises said inorganic material, and therefore *“‘the
heat-resisting layer provided with the magnetic film”
corresponds to aforesaid monolayer type magneto opti-
cal recording medium.) using epoxy resin, polyurethane
resin, polyamide resin or the like so as to have a thick-
ness of about 0.1-10 um. Accordingly, this transparent
adhesive may be said to be a mere layer for connecting
the reflective film 3 on the substrate 1° with the mag-
netic film 2 consisting of the monolayer type magneto
optical recording medium. In this connection it 1s to be
noted that the heat-resisting layer 8, which 1is consisted
of the aforesaid inorganic material, corresponds to the
substrate 1, but 1s provided herein for the purpose of
enhancing the heat-resisting property of the magnetic
film 2. The suitable thickness thereof 1s about 0.1-2 mm.

The protective film 6 may be provided not only at the
surface of the recording medium shown in FIG. 32 but
also at the surface of the recording media shown in
FIGS. 29-31 and 33. In order to improve the vertical
magnetic anisotropic property of the magnetic film,
furthermore, there may be used the substrates treated
with ZnO, a-Fe O3, a-AlO3, AIN, S10;, MgO, MnZn-
ferrite or the like.

The above mentioned magneto optical recording
medium using the magnetic film according to the pres-
ent invention is subjected to recording and regeneration
in the manner of radiating a modulated or deflected
laser beam from the side of the magnetic film or sub-
strate as usually done. |

The metal oxide substance or magnetic film accord-
ing to the present invention has proper Tc and Hc re-
quired for the magneto optical recording medium mate-
rial and is of a high recording sensitivity. In spite of this,
it has the oxidizing corrosion resistance and transpar-
ency which could not be observed in the usual one, and
therefore is free from deterioration in the magneto opti-
cal characteristics with a lapse of time and can use a
transmitted light on regeneration. Thus, regeneration
can be effected in the manner of making use of Fara-
day’s angle of rotation which is high in regenerative
output. Still further, the metal oxide magnetic substance
or magneti~ film according to the present invention can
be used also in the perpendicular magnetic recording
medium (which structure is basically identical with that
of said monolayer type magneio optical recording me-
dium). In this instance, however, as the preferable metal
oxide magnetic substances there are enumerated those
being low in the metal substitution numbers X and Y, in
particular those satisfying 0 <X =0.2 and 0<Y=0.2 in
the formula I.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1, FIG. 2, FIG. 3, FIG. 4, FIG. §, FIGS. 6-1-6-
4 and FIGS. 7-1-7-5 are each a relational diagram be-
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tween the substitution number Z of M’ and the Curie

temperature Tc in each of the following metal oxide

magnetic substances:

(1) BaFe2_(1/3)zZMz'O19 (Wherein, M’ stands for Al or
In, Z stands for the substitution number of M’, and ]
stands for the ionic valency of M’),

(2) BaFej3—-(i/3zZMZz'O19 (Wherein, M’ stands for Al or
Ti, Z stands for the substitution number of M, and 1
stands for the ionic valency of M’),

(3) BaFe12—(;/3zZMZ'O19 (wherein, M’ stands for Al or
Sc, Z stands for the substitution number of M, and i
stands for the ionic valency of M’),

(4) BaFej>_(;/3zMz'O19 (Wherein, M’ stands for Al or
Zn, Z stands for the substitution number of M’, and ]
stands for the ionic valency of M'),

(5) BaFe12-—(/3zZMZ'O19 (Wherein, M’ stands for Al or
Sn, Z stands for the substitution number of M’, and |
stands for the ionic valency of M’),

(6) Ba0.75Sro.25Fe12 - (1/3)zZM2'O19 (wherein, M’ stands
for Al, In, Sc, Ti, Sn or Zn, Z stands for the substitu-
tion number of M’, and 1 stands for the ionic valency
of M’) and

(7) PbFeqa—(/3z2M2z'O19 (Wherein, M’ stands for Al, In,
Sc, Ti, Sn or Zn, Z stands for the substitution number
of M', and 1 stands for the ionic valency of M’);
FIG. 8, FIG. 9, FIG. 10, FIG. 11, FIG. 12, FIGS.

13-1-13-4 and FIGS. 14-1-14-5 are each a relational

diagram between the substitution number of M’ and the
coercive force He of M’ in each of said metal oxide

magnetic substances: (1)-(7); |
FIG. 15, FIG. 17, FIG. 19, FIG. 21, FIG. 23, FIGS.

95.1-25-4 and FIGS. 27-1-27-5 are each a relational

diagram between the following Y’ and the Curie tem-

perature Tc in each of the following metal oxide mag-
netic materials:

(8) BaAlyInyFei2— x —(/3)yO19(wherein, X' stands for
the substitution number of Al, and Y’ stands for the
substitution number of In),

(9) BaAlyTiyFera_x—q/3)yO19 (wherein, X' stands
for the substitution number of Al and Y’ stands for the
substitution number of Ti),

(10) BaAlyScyFei2—x—/3)yO19 (wherein, X' stands
for the substitution number of Al and Y’ stands for the
substitution number of Sc),
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(11) BaAlyZnyFe12—x—/3)yOi19 (Wherein, X' stands 45

for the substitution number of Al and Y’ stands for the
substitution number of Zn),

(12) BaAlxSnyFe2—x —/3)yO19 (Wherein, X' stands
for the substitution number of Al and Y’ stands for the
substitution number of Sn),

(13) Bag75Sr0.25AlyM' yFe1a—x —(/3)yO1s (wherein,
M’ stands for In, Sc, Ti, Sn or Zn, X' stands for the
substitution number of Al and Y’ stands for the substi-
tution number of M’ and (14) PbLAIrM'y.
Fe1z-.x —/3)yO1e (Wherein, M’ stands for In, Sc, Ti,
Sn or Zn, X' stands for the substitution number of Al
and Y’ stands for the substitution number of M’);
FIG. 16, FIG. 18, FIG. 20, FIG. 22, FIG. 24, FIGS.

26-1-26-4 and FIGS. 28-1-28-5 are each a relational

diagram between said Y’ and the coercive force He in
each of said metal oxide magnetic substances (8)-(14);
and
FIG. 29 to FIG. 33 are each a block diagram illustrat-
ing one example of the magneto optical recording me-
dium using the magnetic substance or magnetic film
according to the present invention.

1. .. substrate

1’ ... substrate equipped with a guide track
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. magnetic film
.. reflective film
. transparent dielectric layer
. . guide track layer
. . protective layer
. transparent adhesive layer
. heat-resisting layer

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Examples of the present invention will be given as
follows.

e - BEN BN W I OO B

EXAMPLE 1

A quartz substrate, whose surface had been abrasion-
treated optically, was subjected to 2 hours’ sputtering
the respective targets consisting of metal oxide mag-
netic substances shown in the following table under the
conditions of Ar partial pressure: 2.0 mm Torr, O3 par-
tial pressure: 0.3 mm Torr, discharge electric power
0.35 KW and substrate temperature: 620° C. to thereby
form 0.5 um-thick magnetic films thereon. The results
obtained by measuring these magnetic films with refer-
ence to Curie temperature Tc and coercive force Hc
will be shown in the following table.

M

Ex- |
am- Hc
ple- Tc (Oer-
No. Composition of target (°C.) sted)
] Ba0.5[Alp.2Ing 3Fe; 503] 300 1500
2  Ba0.6[Alg 2Ing 3Fe;.s03] 290 1500
3 Ba0.6[Alg.25Ing 32Fe).2303] 240 1500
4 Ba0.5.6[Alg 1Ing 3Fe}.¢03) 330 1000
5  Sr0.5[Alg.2Ing 3Fe;.503] 310 1500
6 Sr0O.6{Aly2Ing.3Fe; 503) 310 1500
7  Sr0.6[Alp.2sing 3Fe}.4503] 300 2000
8  Sr0.5.6]Alg.1Ing 3Fe} 603} 340 1000
9  Ba0.6[Alp3Tig.21Fe1.4203) 320 2000
10 Ba0.5.6]Alp2TiposCoo.12Fe1.6403] 370 1500
11 Ba0.5.5[Alg2Tig.12C00.24F¢€1.4803] 370 1500
12  Ba0.6[Alg2Tio.06Zno.12Fe1.6403] 340 1000
13 Sr0.6{Alg2Tig.12Zng.24Fe1.4503) 300 1000
14  Sr0.5.5[Alg 3Tig.g6Cuo.12Fe1.5403] 350 2000
15  Sr0.5.7[Alg.2Tig.06Nip.12Fe1.6403] 370 1000
16 Sr0.5.9[Alg 3Tig.12Fe1.5403) 350 1700
17  Ba0.5.2[Alg2Scp.oFe).603] 350 1500
18  Ba0.5.4[Alg.1Scp 2Fey.703] 370 1500
19  Ba0.5.4[Alg.2Sco. 1Fe1.703] 390 1700
20 Ba0.5.4[Alg.2Sco2Fe1.603] 350 1500
21  Ba0.5.6[Alg.3Scg2Fe.503] 320 2200
22  Ba0.5.6[Alg.2Sco.3Fe1.503] 300 1000
23 Ba0.5.6[Alp 4Sco2Fer.303] 250 2400
24  Ba0.5.8[Alg.4Sco.1Fe1.503] 330 2600
25  Sr0.5.5[Alp.3S¢cq.2Feq 5s03] 310 1900
26  Sr0.5.5[Alg.3Scq.1Fe1.603) 350 2500
27  Ba0.5.2[Alp2Zng 3Fe1.603] 330 2000
28  Ba0.5.4[Alg.1Zng 121rg.06Fe1.7403) 370 1500
29  Ba0.5.4[Alg.3Zng 3Fe; 503] 300 3000
30 Ba0.5.6[Alg2Zng.12Tap.06F¢e1.6403] - 300 1800
31  Ba0.5.6[{Alg.4Zng 120sp 06Fe1.4403) 300 3000
32  Ba0.5.6[Alp.3Zng 12Rhg.06Fe1.5403] 300 3200
33  Ba0.5.8[Alg.2Zng.12Pto.06Fe1.5403] 350 1800
34  Sr0.5.2[Alp.2Zng 45Fey 503] 290 2250
35  Sr0.5.6[Alg.3Zng 24Tig.12Fe1.3803] 280 2000
36  Sr0.5.8[Alp2Zng.24Wo.06Fe1.6403) 380 1500
37  Ba0.6[Alg.355n0.06Nio.012Fe1.4903] 350 2500
38  BaQ.6[Alg.38ng.12Fe1.5403] 350 2000
39  Ba0.5.8[Alg2Sng 21Fe;.5203] 350 1600
40  Sr0.5.6]Alg.3Rhp24Fe}.4603] 300 3000
41  Pb0.5.6[Alp2Snp 24Fe}.4803] 330 1500
42  Ba0.5.6[Alg2Cro.12Fe).6803] 350 4000
43  Ba0.5.7[Alp.3Rhg.1Fe.603] 350 4000
44  Ba0.5.2[Alp2CrgoFe; 603] 340 4000
45  Ba0.5.6]Alg.2Zng 24Mno.12Fe1.4503] 310 2000
46  Ba0.5.5[Alg.12Rhg 2Fe).6803] 350 3500
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-continued
Ex-
am- Hc
ple- Tc - (Oer-
No. Composition of target ("C.) sted)
47 Sr0.5.7[Alp 2 Tip.06Cop 12Fe.64013] 370 2000
48 SrQ.5.7[Alg.3Rhg 1Fej 03] 350 3500
49 Sr0.5.7[Alg 2Crp.aFe 03] 340 4500
30 Sr0.5.6[Alg.rZnp 1:Mng.0eFet 6403] 380 2000
51 PbO.5.5[Alpg2Rhp.1Fey.703] 380 3500
52 PbO.6[{Alg 21rp.a6Cuq, 12Fe.6403] 370 2000
53 PbO.5.6[Alp 2Gegp.peNig.12Feq.6401] 370 1000
54  PbO.5.7[AlysRugFe] 6403] 350 3500
55 PbO.5.8[Alp2Zng 12Vo.06Fe).6403) 360 1000
56 Bag 758r0.250.6 330 2000
[Alp,.35Inp.15Fet.503]
57 Bag 75510 250.6 330 2000
[Alg,35Tig, 15Fe1.4503)
58 Bagp.755r0.250.6 320 2000
[Alp 35S¢p.15Fe 503]
59  Bagvs8rg,250.6 270 1000
[Alp.2Zng 245np,12Fe} 4803]
60  Bagp 755rp.250.6 300 1200
[Alp.3Zng.12Tig ceFet.5403]
61 PbO.6[Alg 2Ing 1Fey 703] 370 3500
62  PbO.6[Alp.aTip.15Fe; 503] 330 1500
63  PbO.6[Alg 3Scq.1Fe1.603] 350 1500
64  PbO.6[Alp.3Znp21Fe; 5603] 330 1000
65 PbO.6[Alp.3Zn0,125ng 06 e1.5403] 330 1000
66  Pb0O.5.5[Alg.3lng Fe; 503 320 1000
67  Pb0O.5.5[Alg>Tig.18F¢e1.5603] 370 1000
68  Pb0.5.8[Alg.3Scq.1Fe1.603] 350 1500
69  Pb0O.5.8[Alp2Zng 21Fe1.6603] 350 1000
70  BaO.6[Alg 2Irg 1Feq.703] 380 2000
71 Ba0.6[Alp2Tag 12Fe1.6403l 370 1500
72  Ba0.6[Alp»Geg.1oFet.6403] 370 2000

Next, each of the thus obtained magneto optical re-
cording mediums was magnetized in one direction by
applying a magnetic field of 10K oersted perpendicular
to the surface of each recording medium. In succession,
recording was carried out by radiating a semi-conduc-
“tor laser beam having an output of 20 mW from the

-~ substrate side under the condition of luminous intensity

on the recording medium surface: 10 mW and at a pulse
of frequency: 1 MHz, while impressing a magnetic field
of 0.5K oersted opposite to said magnetized direction,
for magnetic inversion. On every recording medium,
there was formed a recorded bit having a diameter of
about 1.5 pm.

EXAMPLE 73

A 2000 A-thick ZnO film was formed on a mMonocrys-
tal S1 wafer substrate through 1 hour’s sputtering using
ZnO under the conditions of atmospheric oxygen pres-
sure 2 X 10—3 Torr and substrate temperature: 400° C,,
and same was subjected to 2 hours sputtering using
MnGQg Zn0p4Fe)O3 under the conditions of atmo-
spheric gas pressure: 2X10-3 Torr (P4,/-
Por=1.8/0.2% 103 torr) and substrate temperature:
450° C., to thereby form thereon a 5000 A-thick
MnQo.6ZnCp.4Fex03 film. The same was subjected to 2
hours’ sputtering using a magnetic target BaQ.6[Alp..
05Ing osFe1.903] under the conditions of atmospheric gas
pressure: 2X 10—3 Torr (Oy/Ar ratio=1/6) and sub-
strate temperature: 600° C. to thereby adhere a 2000
A-thick magnetic film. Thus, there was obtained a per-
pendicular magnetic recording medium. Recording was
carried out using a ferrite ring head (the winding num-
ber N=350 T) having a gap width 0.4 um under the
condition of relative speed between the medium and the
head==1.51 m/s. The thus obtained recording density
Dso was 45.0 K FRPL
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EXAMPLE 74

A perpendicular magnetic recording medium was
prepared according to the exactly same procedure as in
Example 74 except that alumina was used as the sub-
strate material SrO.6[Alp 0sTi0.03C00.06Fe1.8403]was
used as the magnetic target and the substrate tempera-
ture was 620° C. This recording medium was found to
have a recording density: Ds5g=37.0 K FRPL

We claim:

1. A magneto optical recording medium comprising a
recording layer of a metal oxide magnetic substance
represented by the general formula I:

MeO.nfAlyMyFea_ x_(m/3)YO3] (I)
wherein, Me 1s at least one member of Ba, Sr and Pb, M
is at least one member of Zn, Sc, In, Cr, Ir, Ru, Rh, Ti,
Ta, Sn and Ge, 5<n=6, 0<X=0.8, 0<Y=0.6, and m
1s the ionic valency of M.

2. A recording medium according to claim 1, wherein
said metal oxide further contains at least one member of
Ni, Cu, Sb, B1, Co, Mo, Nb, Pd, Mn, Yb, V, Te, Zr, Tc,
Pt, Os, Re and W.

3. A magneto optical recording medium which com-
prises, on a substrate, a magnetic film consisting of a
metal oxide magnetic substance represented by the gen-
eral formula I:

MeO.n[AlxM yFea_ x_ (m/3)y03] (I)
wherein, Me is at least one member of Ba, Sr and Pb, M
is at least one member of Zn, Sc, In, Cr, Ir, Ru, Rh, T},
Ta, Sn and Ge, 5<n=6, 0<X=0.8, 0<Y=0.6,and m
is the i1onic valency of M.

4. A recording medium according to claim 3, wherein
said metal oxide magnetic substance further contains at
Jeast one member of Ni, Cu, Sb, B, Co, Mo, Nb, Pd,
Mn, Yb, V, Te, Zr, Tc, Pt, Os, Re and W.

5. A recording medium according to claim 3, wherein
said magnetic film has a thickness of 0.1-10 pm.

6. A magneto optical recording medium which com-
prises a substrate, a magnetic layer, formed on said
substrate, which is consisted of a metal oxide magnenc
substance represented by the general formula I:

MeC.n[AlxM yFes — ¥ (m/3)y03] (D
wherein, Me is at least one member of Ba, Sr and Pb, M
is at least one member of Zn, Sc, In, Cr, Ir, Ru, Rh, T1,
Ta, Sn and Ge, S5<n=6, 0<X=0.8, 0<Y=0.6, and m
is the ionic valency of M, and a reflective film formed
on said magnetic layer.

7. A recording medium according to claim 6, wherein
said metal oxide magnetic substance further contains at
least one member of Ni, Cu, Sb, Bi, Co, Mo, Nb, Pd,
Mn, Yb, V, Te, Zr, Tc, Pt, Os, Re and W.

8. A recording medium according to claim 6, wherein
said magnetic film 1s 0.1-10 um thick and said reflective
film is 500-10,000 A thick.

9. A magneto optical recording medium which com-
prises, on a substrate, a magnetic film consisting of a

metal oxide magnetic substance represented by the gen-
eral formula I:

MeO.n[AlxM yFe; - x—(n/3)yO3] (1)
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wherein, Me is at least one member of Ba, Sr and Pb, M
is at least one member of Zn, Sc, In, Cr, Ir, Ru, Rh, T,
Ta, Sn and Ge, 5<n=6, 0<X=0.8, 0<Y=0.6, and m
is the ionic valency of M, a guide track layer, a reflec-
tive film and a protective film in the order named.

10. A recording medium according to claim 9,
wherein said metal oxide magnetic substance further
contains at least one member of Ni, Cu, Sb, Bi, Co, Mo,
Nb, Pd, Mn, Yb, V, Te, Zr, Tc, Pt, Os, Re and W.

11. A recording medium according to claim 9,
wherein said magnetic film is 0.1-10 pum thick, said
reflective film is 500-10,000 A thick, and said protective
film is 0.1-100 pm thick.

12. A magneto optical recording medium which com-
prises, on a substrate equipped with a guide track, a
reflective film, a transparent adhesive layer, a magnetic
film consisting of a metal oxide magnetic substance

represented by the general formula I

MeO.n[AlyM yFez _ x — (m/3)YO3] I
wherein, Me is at least one member of Ba, Sr and Pb, M
is at least one member of Zn, Sc, In, Cr, Ir, Ru, Rh, Ty,
Ta, Sn and Ge, 5<n=6, 0<X=0.8, 0<Y=0.6, and m
is the ionic valency of M), and a heat-resisting layer in
the order named.

13. A recording medium according to claim 12,
wherein said metal oxide magnetic substance further
contains at least one member of Ni, Cu, Sb, Bi, Co, Mo,
Nb, Pd, Mn, Yb, V, Te, Zr, Tc, Pt, Os, Re and W.

14. A recording medium according to clam 12,
wherein said reflective film is about 500-10,000 A thick,
said transparent adhesive layer is about 0.1-10 pm
thick, said magnetic film is about 0.1-10 um thick and
said heat-resisting layer is about 0.1-2 mm thick.

15. A magneto optical reocrding medium comprising
a film of a metal oxide magnetic substance represented
by the general formula I:
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MeOQ.n[AlyM yFes _ x — (m/3)yO3] (I

wherein, Me is at least one member of Ba, Sr and Pb, M
is at least one member of Zn, Sc, In, Cr, Ir, Ru, Rh, Ti,
Ta, Sn and Ge, 5<n=6, 0<X=0.8, 0<Y=0.6, and m
is the ionic valency of M.

16. A magneto optical recording medium according
to claim 15 wherein optically readable magnetic infor-
mation is encoded in said film.

17. A magneto optical recording medium according
to claim 15 which is magnetized perpendicularly to i1ts
plane for use as a perpendicular magneto optical record-
ing medium.

18. A magneto optical recording medium according
to claim 15, wherein said metal oxide magnetic sub-
stance further contains at leats one member of Ni, Cu,
Sb, Bi, Co, Mo, Nb, Pd, Mn, Yb, V, Te, Zr, Tc, Pt, Os,
Re and W.

19. A magneto optical recording medium which com-
prises on a substrate, a magnetic film consisting of a
metal oxide magnetic substance represented by the gen-
eral formula I:

MeO.n[AlxM yFes _ x — (m/3)yO3] (I)
wherein, Me is at least one member of Ba, Sr and Pb, M
is at least one member of Zn, Sc, In, Cr, Ir, Ru, Rh, T1,
Ta, Sn and Ge, 5=n=6, 0<X=0.8, 0<Y=0.6, and m
is the ionic valency of M, a transparent dielectric layer
and a reflective film in the order named. -

20. A recording medium according to claimm 19,
wherein said metal oxide magnetic substance further
contains at least one member of Ni, Cu, Sb, Bi, Co, Mo,
Nb, Pd, Mn, Yb, V, Te, Zr, Tc, Pt, Os, Re and W.

21. A recording medium according to claim 20,
wherein said magnetic film is 0.1-10 pm thick, said

transparent dielectric layer lS 0.05-0.5 pum, and said
reflective film is 500-10,000 A thlck

* * X %
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